Previous works have indicated that incorporation of surface glycoprotein into retroviruses such as the human immunodeficiency virus type 1 (HIV-1) is not a highly specific process because several cellular glycoproteins can be inserted within the mature viral particle. The mechanism(s) that govern the acquisition of such host constituents have remained so far elusive. In this study, we have investigated the role played by the viral envelope (Env) of HIV-1 in the acquisition of host intercellular adhesion molecule type I (ICAM-1). ICAM-1 proteins were still present on viruses carrying much lower levels of gp120/gp41 due to a mutation in the matrix (MA) domain or on Env-deficient viruses when produced in immortalized and primary human cell lines. Interestingly, infectivity of an HIV-1 MA mutant that carry a suboptimal amount of Env proteins was restored to a certain degree by the presence of ICAM-1 when infection was performed in cells expressing an activated form of its natural counter-ligand, LFA-1. D 2004 Elsevier Inc. All rights reserved.
Introduction
It has been demonstrated in a large number of studies that retroviruses tolerate the incorporation of several foreign plasma membrane proteins. Studies aimed at identifying the nature of foreign constituents embedded within the human immunodeficiency virus type 1 (HIV-1) revealed that a high number of host plasma membrane proteins are associated with mature virions including significant amounts of HLA-DR and some adhesion molecules (e.g. CD44, ICAM-1, ICAM-2, ICAM-3, LFA-1, VCAM-1, VLA-4) (Arthur et al., 1992; Cantin et al., 1996 Cantin et al., , 2001 Guo and Hildreth, 1995; Liao et al., 2000; Orentas and Hildreth, 1993) . The functional significance of the phenomenon of incorporation of such foreign membrane proteins is proven by the reported inhibition of HIV-1 replication, in both in vitro and in vivo studies, with the use of antibodies specific for host proteins (Arthur et al., 1992 (Arthur et al., , 1995 Bounou et al., 2001; Chan et al., 1995; Fortin et al., 1997 Fortin et al., , 1998 Fortin et al., , 1999 Rizzuto and Sodroski, 1997) .
The nature of factor(s) governing incorporation of foreign constituents in mature HIV-1 particles remains a matter of speculation. However, it seems clear that this event is influenced by numerous factors such as the virus itself, the nature of host cells, and the donor source (Cantin et al., 2001) . Similarly, the exact molecular process responsible for the selective incorporation within HIV-1 of some defined host-encoded plasma membrane proteins is also obscure. It has been proposed that host membrane proteins that have interactions with some other cellular constituents may be excluded from mature HIV-1 virions due to a steric hindrance phenomenon or sequestration to some specific domains different from the viral assembly site (Henriksson et al., 1999) . This concept is supported by the finding that the natural interaction between cell surface CD4 and the tyrosyl kinase p56 lck prevents incorporation of CD4 into the HIV-1 envelope (Env) due to a phenomenon of steric inhibition (Henriks-son and Bosch, 1998) . Furthermore, it has been proposed that HIV-1 Gag proteins are preferentially sorted out in lipid rafts, which are rich in cholesterol, sphingolipids, and GPI-linked proteins (Nguyen and Hildreth, 2000) . Consequently, HIV-1 would have a propensity to incorporate host proteins located in such plasma membrane rafts (Nguyen and Hildreth, 2000) . Recently, it has been proposed that a direct interaction between virus-encoded Env proteins and HLA-DR might be responsible for the selective uptake of this cell surface constituent by newly formed HIV-1 (Poon et al., 2000) .
The intercellular adhesion molecule type I (ICAM-1) is a cell surface glycoprotein that contains five extracellular immunoglobulin-like domains, a hydrophobic transmembrane domain, and a short cytoplasmic domain. ICAM-1 is an inducible ligand for at least two members of the h2 family of leukocyte integrins, lymphocyte function-associated antigen-1 (LFA-1) (aLh2) and Mac-1 (aMh2) (reviewed in (Springer, 1990) ). ICAM-1 is important for granulocyte extravasation, lymphocyte-mediated cytotoxicity, and the development of specific immunologic responses involving cell -cell interactions (reviewed in Plow et al., 2000) . A previous study has revealed that ICAM-1 is acquired by clinical strains of HIV-1 expanded in primary human cells (Cantin et al, 1996) . Moreover, incorporation of ICAM-1 into HIV-1 particles increased virus infectivity by several folds and diminished sensitivity to neutralization Fortin et al., 1997 Fortin et al., , 2000 Rizzuto and Sodroski, 1997) . Therefore, given that virion-bound host ICAM-1 does influence the replication cycle of HIV-1, it is important to understand the mechanism(s) governing the selective incorporation of ICAM-1 into mature HIV-1 particles.
The precise contribution of Env glycoproteins in ICAM-1 incorporation was tested through the use of a NL4-3-based matrix mutant (34VE), which leads to the production of HIV-1 carrying a reduced number of Env glycoproteins (Freed and Martin, 1996) , and an Env-deficient HIV-1 vector. Here, we demonstrate that insertion of host ICAM-1 within HIV-1 produced in established and primary human cells does not necessitate the presence of Env. Moreover, we report for the first time that incorporation of host-derived ICAM-1 in viruses bearing a suboptimal level of Env glycoproteins restores HIV-1 infectivity in an ICAM-1/ LFA-1-dependent fashion.
Results
A previous study has shown that the process of HIV-1 Env packaging is necessary to achieve incorporation of host-encoded HLA-DR in HIV-1 (Poon et al., 2000) . In an attempt to define whether the HIV-1 Env spike glycoproteins are also necessary to achieve incorporation of ICAM-1 proteins onto mature HIV-1 particles, wild type and mutant virions that are deficient in Env (EnvÀ) were produced in ICAM-1-negative (i.e. parental 293T) and ICAM-1-positive 293T cells (i.e. Hi-ICAM-1). Such Hi-ICAM-1 cells stably express a moderate level of cell surface ICAM-1 (54.3% of positive cells with a mean fluorescence value of 12.6) that is not modulated following production of wild type and mutant viruses (data not shown). It should be noted that Hi-ICAM-1 cells express an ICAM-1 level comparable to what is detected on two cellular reservoirs of HIV-1, that is, activated CD4 + T lymphocytes and macrophages (data not shown). Given that mutations in the HIV-1 matrix protein often result in a blocking of the incorporation of HIV-1 Env (gp120 and gp41) into assembling HIV-1 particles (Dorfman et al., 1994; Martin, 1995, 1996; Lee et al., 1997; Yu et al., 1992 Yu et al., , 1993 , a virus expression vector bearing a single-site mutation at position 34 (34VE) of the matrix (MA) domain was also used.
The presence of host ICAM-1 does not influence the level of incorporation of gp120 in mature HIV-1 First, we wanted to ascertain that production of the tested HIV-1 mutants in ICAM-1-expressing cells did not affect gp120 incorporation in viruses. We thus measured the levels of virus-associated gp120 that were present in our purified virus preparations using a homemade gp120 test (Paquette et al., 1998) . Comparative analyses were made by calculating the molar ratio of Env to Gag proteins on the basis of known molecular masses, that is, 120 and 24 kDa for p24 and gp120, respectively. The MA 34VE mutant was found to express five times less Env than wild-type virions and, as expected, no gp120 could be detected in Env-deficient HIV-1 particles (Table 1) . Results from this series of investigations also indicate that the presence of host-derived ICAM-1 glycoprotein into the mature virus particles does not affect the external envelope spike density on HIV-1. 
Incorporation of host ICAM-1 in HIV-1 does not require Env
To dissect the exact contribution of HIV-1 Env to the process of ICAM-1 incorporation, the purified virus preparations produced by transient transfection of 293T and Hi-ICAM-1 cells were next subjected to a virus capture assay. Data from the virus precipitation test showed that the 34VE mutation in the MA domain of Pr55 Gag has no effect on the capacity of such mutant viruses to acquire host ICAM-1 ( Fig. 1A) . A similar observation was made for HIV-1 particles that are completely Env-deficient (i.e. EnvÀ). This suggests that, in contrast to what has been reported for HLA-DR (Poon et al., 2000) , Env packaging is not essential to lead to the efficient insertion of host-derived ICAM-1 into mature HIV-1 viral entities. Western blot analyses were also performed on such virus particles to more quantitatively estimate virus-associated host ICAM-1. Data from this set of experiments confirm that ICAM-1 incorporation can still occur in the absence of Env.
Given that the virus producer cell might represent an important factor in the phenomenon of incorporation of host cell surface components in budding HIV-1, similar studies were also performed using virus preparations expanded in a more natural cellular reservoir, that is, PBMCs. Env-deficient viruses were pseudotyped with the envelope G proteins of the broad-host-range VSV. The pseudotyping strategy with VSV-G allows infection of target cells in a gp120-CD4-independent fashion. To control for any possible VSV-G-mediated modulatory effect on ICAM-1 incorporation, wild-type NL4-3 viruses were also pseudotyped using a similar strategy. Data from Fig. 2 indicate that the presence of Env is not mandatory to allow insertion of host ICAM-1 in HIV-1 particles produced by suspensions of PBMCs cultured in vitro, an observation that is in line with results obtained with virus preparations made in established cell lines.
ICAM-1/POS viruses carrying a suboptimal level of virion-associated gp120 are still partially infectious
The initial contact between HIV-1 and its host cell is generally thought to occur via an interaction between CD4 and gp120. Considering that the formation of a fusion pore requires the recruitment of a sufficient number of CD4 and Fig. 1 . ICAM-1 is acquired by MA mutant and Env-deficient viruses produced in established 293T cells. Wild type (WT), MA mutant (34VE), and Env-deficient (EnvÀ) NL4-3 viruses either lacking (ICAM-1/NEG) or bearing on their surface host-derived ICAM-1 (ICAM-1/POS) were produced following transient transfection of 293T cells. (A) Virus preparations were next precipitated using magnetic beads coated with an anti-ICAM-1 antibody (i.e. R6.5). The amounts of captured HIV-1 were estimated by a quantitative p24 test (left y axis). The percentage of captured viruses from the initial virus input is shown on the right y axis. Data shown represent the means F SD of triplicate samples and are representative of three independent experiments. (B) Lysed virus preparations were directly loaded on a 10% SDS-polyacrylamide gel (10 ng of p24 per lane), transferred to a membrane, and revealed by an anti-ICAM-1, anti-p24, or control antibody. Fig. 2 . ICAM-1 is incorporated in MA mutant and Env-deficient viruses produced in primary human cells. Wild type (NL4-3), pseudotyped wild type (NL4-3/VSV-G), and pseudotyped Env-deficient (Env-/VSV-G) HIV-1 particles were produced in 293T cells and were used to infect PBMCs. Progeny viruses were collected and subjected to the virus capture assay. An isotype-matched irrelevant antibody (IgG2a) was used to monitor nonspecific binding of HIV-1 to magnetic beads. The amounts of captured HIV-1 were estimated by a quantitative p24 test (left y axis). The percentage of captured viruses from the initial virus input is shown on the right y axis. Data shown represent the means F SD of triplicate samples and are representative of three independent experiments. coreceptor molecules (reviewed in Clapham and McKnight, 2002) and that incorporation of ICAM-1 increases HIV-1 infectivity several folds Rizzuto and Sodroski, 1997) , we next tested whether the acquisition of host ICAM-1 could restore to some extent infectivity of MA mutant viruses bearing a lower density of Env glycoproteins. As expected, the insertion of the ICAM-1 adhesion molecule within wild-type HIV-1 particles resulted in an enhancement of virus infectivity for LuSIV (11.5-fold increase; compare 15.0 and 172 RLU), an LFA-1-positive reporter cell line that is highly susceptible to HIV-1 infection (Fig. 3) . No such increase in virus infectivity was detected when infection was performed with 34VE mutant viruses. Susceptibility of LFA-1-positive cells to infection with ICAM-1-bearing virions is significantly augmented by converting LFA-1 to a high avidity/affinity state for ICAM-1 . LuSIV cells were thus pretreated with MEM-83, an anti-LFA-1 antibody known to enhance LFA-1-mediated T cell adhesion to ICAM-1 (Binnerts et al., 1994; Landis et al., 1993) before inoculation with wild type and MA mutated viruses either lacking or bearing host ICAM-1. Activation of LFA-1 rendered LuSIV cells even more susceptible to infection with wild-type ICAM-1/POS virus particles (20.2-fold increase; compare 17.9 and 361.0 RLU). Interestingly, a statistically significant 4-fold increase in reporter gene activity was observed when MEM-83treated LuSIV cells were infected with ICAM-1-bearing 34VE viruses as compared to inoculation with isogenic ICAM-1/NEG HIV-1 particles.
Discussion
In this study, we have performed analyses to gain novel information on the molecular basis that is responsible for the incorporation of host-encoded ICAM-1 adhesion molecule into HIV-1. More specifically, we have addressed the question of whether the packaging of virus-encoded gp120/gp41 Env proteins is required for efficient incorporation of cell surface ICAM-1 glycoprotein in HIV-1. This scenario was tested using Env-deficient HIV-1 as well as viruses bearing a mutation in the MA protein (34VE) that have been shown to significantly reduced Env incorporation into assembling virus particles (Freed and Martin, 1995) . A more physiological significance to our findings was provided by monitoring acquisition of ICAM-1 in pseudotyped viruses (Env-deficient and MA mutant) produced in primary human cells. We established that the incorporation process of ICAM-1 was not affected by Env packaging. This observation is in sharp contrast with a previous study which indicated that there is a specific interaction between HLA-DR and the gp41 transmembrane envelope protein (Poon et al., 2000) . In this study, a 43-amino-acid sequence located between amino acids 708 and 750 in the gp41 cytoplasmic tail was found to be necessary for insertion of host-derived HLA-DR into mature HIV-1.
Although we could not demonstrate a direct link between HIV-1 Env and the process of ICAM-1 incorporation, we were interested in addressing the possible physiological significance of the presence of host ICAM-1 on the surface of HIV-1 bearing a suboptimal amount of gp120/gp41. For this purpose, we inoculated an LFA-1-expressing reporter cell line with isogenic ICAM-1/NEG and ICAM-1/POS viruses. Infectivity was not restored by the acquisition of virion-anchored host ICAM-1 when target cells were expressing LFA-1 under an inactive state. However, the presence of an activated form of LFA-1 on target cells resulted in a low but detectable HIV-1 infection. This last observation might reveal some relevance for the pathogenesis of HIV-1 infection considering that virus attachment to host cells is generally seen as a limiting step under in vivo situations. Indeed, the initial binding of HIV-1 to a target is considered to take place via high-affinity binding between Fig. 3 . Infectivity of HIV-1 MA mutant is partially restored upon interaction between virus-anchored ICAM-1 and activated LFA-1 on the target cell. The LFA-1-positive reporter LuSIV cell line was either left untreated or was treated with MEM-83, an activating anti-LFA-1 antibody. Cells were next inoculated with wild type and MA mutant NL4-3 viruses either lacking or bearing host ICAM-1. HIV-1 infection was allowed to proceed for 48 h before measuring luciferase activity (expressed in relative light units, or RLU). Results shown are the means F SD of triplicate samples and are representative of three independent experiments. The asterisk indicates a significantly different value from that of MEM-83-treated LuSIV cells infected with ICAM-1/NEG 34VE virus ( P < 0.05). multiple HIV-1 gp120 oligomers and clusters of CD4 molecules (reviewed in (Ugolini et al., 1999) ). This event is thought to allow a rapid docking of the mature viral particle that has to circulate in flowing fluids such as peripheral blood. However, in persons infected with HIV-1, the reported shedding of gp120 (reviewed in (Wyatt et al., 1998) ) and the covering of the viral entity with neutralizing antibodies that are directed predominantly toward the surface envelope glycoprotein gp120 (Dimmock, 1993) will reduce the overall number of multivalent interactions between virion-associated gp120 and cellular CD4 possibly below the threshold necessary to allow infection to proceed. The attachment of HIV-1 would be even more problematic for cells expressing low levels of surface CD4 such as macrophages, microglia, and dendritic cells (Dick et al., 1997; Sonza et al., 1995) . It can thus be proposed that the presence of cellular ICAM-1 proteins within a virus membrane possessing a limited number of Env proteins will enhance the probability of a successful initial contact between HIV-1 and a target cell expressing LFA-1 under an active form.
We are currently exploring several putative mechanisms that could permit to shed light on factors involved in insertion of ICAM-1 into mature HIV-1. For example, we are focusing on the role played by the cytoskeleton in this process. This is based on the idea that envelope viruses are known to interact with the cytoskeleton during the processes of assembly and budding (Damsky et al., 1977) . Moreover, data from numerous studies have led to propose that some specific retroviral proteins seem to interact with actin filaments (Edbauer and Naso, 1984; Fais et al., 1995; Karczewski and Strebel, 1996; Kim et al., 1998; Liu et al., 1999; Luftig and Lupo, 1994; Ott et al., 1996; Pearce-Pratt et al., 1994; Rey et al., 1996; Sasaki et al., 1995; Tang et al., 1999; Tremblay et al., 1998; Wilk et al., 1999) . More relevant to our study, ICAM-1 associates with moesin and ezrin, two cytoplasmic constituents that are acting as linkers between plasma membrane components and the actin-containing cytoskeleton (Barreiro et al., 2002; Heiska et al., 1998) . It is of interest to note that several cellular proteins found associated with HIV-1 are connected to the cytoskeleton (e.g. ezrin, moesin, and cofilin) and actin filaments are incorporated into the virion (Ott et al., 1996 .
In conclusion, the information gained from the current analyses provides new insight on the processes governing incorporation of host proteins into mature HIV-1 particles and on the importance of virion-bound foreign molecules for the virus life cycle. Future studies on the phenomenon of ICAM-1 incorporation should provide a clearer picture of the molecular event(s) responsible for the acquisition of this host molecule by HIV-1. A better characterization of this event and its consequence for the virus life cycle might shed light on viral pathogenesis and might also have relevance for the development of new therapeutic and vaccine strategies.
Materials and methods

Cell lines
The human embryonic kidney cell line 293T was used to produce virus particles that do not carry foreign ICAM-1 on their surface (ICAM-1/NEG) whereas a stable transfectant of 293T cells expressing a high surface level of ICAM-1 (Hi-ICAM-1) (Paquette et al., 1998) was used to generate ICAM-1-bearing virions (ICAM-1/POS). Both cell lines were maintained in Dulbecco's modified Eagle medium (DMEM; Gibco-BRL, Burlington, ON) supplemented with 10% fetal bovine serum (FBS) (Altanta Biologicals, Norcross, GA), glutamine (2 mM), penicillin G (100 U/ml), and streptomycin (100 mg/ml). The CEMx174-derived LuSIV cell line was maintained in RPMI-1640 (Gibco-BRL) supplemented with 10% FBS, glutamine (2 mM), penicillin G (100 U/ml), streptomycin (100 mg/ml), and hygromycin B (300 Ag/ml) (Boehringer Mannheim, Indianapolis, IN). LuSIV cells were kindly supplied by J.E. Clements (Johns Hopkins University School of Medicine, Baltimore, MD) . Primary peripheral blood mononuclear cells (PBMCs) from healthy donors were isolated by Ficoll-Hypaque density gradient centrifugation and cultured in the presence of 3 Ag/ml phytohemagglutinin-P (PHA-P; Sigma, St. Louis, USA) and 30 U/ml of recombinant human interleukin-2 for 3 days at 37 jC in a 5% CO 2 atmosphere before HIV-1 infection.
Antibodies and enzymatic assays
The anti-ICAM-1 R6.5 antibody was kindly provided by R. Rothlein (Boehringer Ingelheim, Ridgefield, CN) and the anti-LFA-1 activating MEM-83 antibody was obtained from V. Horejsi (Institute of Molecular Genetics, Prague, Czech Republic) (Bazil et al., 1990) . For the purposes of the virus capture assay, biotinylation of the anti-ICAM-1 antibody was performed using EZ-Link Sulfo-NHS-LC-Biotin (Pierce). The measurement of virus-encoded gp120 protein was determined by an in-house enzymatic assay (Paquette et al., 1998) . In this test, F105 is used as the coating antibody and biotinylated sheep anti-HIV-1 gp120 are used as secondary antibodies. F105 is specific for a conformational epitope on HIV-1 gp120 mapping to the CD4 binding site (provided by M. Posner through the AIDS Repository Reagent Program) (Posner et al., 1993) . Western blotting membranes were revealed with anti-ICAM-1 (G-5 from Santa Cruz Biotechnology) and anti-p24 antibody (183-H12-5C from the NIH AIDS Repository Reagent Program). An isotype-matched irrelevant antibody was used as a negative control for western blot analysis.
Molecular constructs
pNL4-3 is a full-length infectious molecular clone of HIV-1 (Adachi et al., 1986) . In this work, we have also used an Env-deficient NL4-3 plasmid (EnvÀ) and a vector coding for HIV-1 bearing a mutation into the matrix protein (i.e. 34VE) (supplied by E. O. Freed, National Institute of Allergy and Infectious Diseases, Besthesda, MD) Martin, 1995, 1996) . The pHCMV-G molecular construct, under the control of the human cytomegalovirus promoter, codes for the broad-host-range vesicular stomatitis virus envelope glycoprotein G (VSV-G) (Yee et al., 1994) .
Preparation of virus stocks
Virus stocks were produced by transient transfection of 293T and Hi-ICAM-1 cells with NL4-3-based vectors using a technique established in the laboratory Fortin et al., 1997) . For production of pseudotyped virus, 293T cells were transfected with either pNL4-3 or pNL4-3 EnvÀ and both were complemented by adding pHCMV-G. Briefly, cells were plated 24 h before transfection to obtain a 50 -80% confluent monolayer and calcium phosphate transfection was performed as described in the manufacturer's protocol (BD Biosciences Clontech, Palo Alto, CA). At 16 h after transfection, the cells were washed twice with phosphate-buffered saline (PBS) and were next incubated for another 24-h time period. The virus-containing supernatants were filtered through a 0.45 AM pore size cellulose acetate membrane (Millipore, Bedford, MA) before being aliquoted in 1 ml fractions that were finally frozen at À85 jC for future use. Virus stocks were normalized for virion content using an in-house sensitive double antibody sandwich ELISA specific for the major core viral p24 protein (Bounou et al., 2002) . For virus capture test and determination of gp120/p24 ratio, the virus-containing supernatants were centrifuged at 16 000 Â g for 90 min at 4 jC through a 20% sucrose cushion before storage at À85 jC.
Flow cytometry
293T and Hi-ICAM-1 cells (10 5 cells) were transiently transfected with wild type and mutated viruses, washed twice with PBS, and centrifuged at 1000 Â g for 5 min at 4 jC. Pelleted cells were incubated for 30 min on ice with a saturated concentration of the biotinylated R6.5 antibody (1 Ag/10 6 cells). The cells were washed twice in PBS and incubated for 30 min on ice with a saturated concentration of R-phycoerythrin-conjugated goat anti-mouse IgG. Finally, cells were washed twice in PBS and resuspended in 500 Al of PBS containing 1% paraformaldehyde before flow cytometry analysis (EPICS XL; Coulter Corporation, Miami, FL).
Virus amplification in PBMCs
Wild type and pseudotyped viruses (i.e. NL4-3, NL4-3/ VSV-G, and Env-/VSV-G) were used to inoculate PHA-/IL-2-treated PBMCs (100 ng of p24 per 10 6 target cells). At the peak of HIV-1 production, cell-free culture supernatants were passed through a 0.45-Am filter. Viruses were next concentrated using CentriconPlus-20 Biomax-100 filter devices (Millipore Corporation). Finally, virus stocks were aliquoted before storage at À85 jC.
Virus capture assay
The physical presence of host-derived ICAM-1 was monitored by capturing viruses with immunomagnetic beads using a recently reported procedure with slight modifications (Cantin et al., 2001) . In brief, magnetic beads (6.25 Â 10 5 ) (Streptavidin-coated BioMag; PerSeptive Diagnostics Inc., Cambridge, MA) were washed four times with PBS + 0.1% bovine serum albumin (binding medium) using a vertical magnetic plate. The beads were incubated with the biotinylated R6.5 antibody for 1 h at room temperature and then washed again with PBS before use. The immunomagnetic beads were next incubated for 16 h at 4 jC with ultracentrifuged virus preparations (1 ng of p24) under a gentle agitation. The beads were washed five times with 180 Al of binding medium. Finally, the amount of immunocaptured HIV-1 particles was defined by measuring the viral p24 protein content found associated with such immunomagnetic beads. Beads coated with a biotinylated irrelevant isotype-matched antibody (i.e. IgG2a) were used as a negative control.
Virus infection and luciferase assay
The kinetics of infection of LuSIV cells with wild type and mutated HIV-1 NL4-3 particles that lack or carry foreign ICAM-1 were determined as described below. LuSIV cells (10 5 ) were either left untreated or were treated for 30 min at 37 jC with MEM-83 (3.0 Ag/ml) before inoculation with similar amounts of isogenic ICAM-1/NEG and ICAM-1/ POS virions (i.e. 10 ng of p24 in a final volume of 200 Al). Infection was allowed to proceed for 48 h at 37 jC and 100 Al were withdrawn from each well before the addition of a cell culture lysis buffer (25 mM Tris phosphate, pH 7.8, 2.0 mM DTT, 1% Triton X-100, 10% glycerol). Cells were next incubated under a gentle agitation for 30 min at room temperature. Finally, a fraction of 20 Al was mixed with 100 Al of luciferase assay buffer [20 mM Tricine, 1.07 mM (MgCO 3 ) 4 ÁMg(OH) 2 Á5H 2 O, 2.67 mM MgSO 4 , 0.1 mM EDTA, 270 AM coenzyme A, 470 AM luciferin, 530 AM ATP, 33.3 mM DTT]. The photon emission produced by the reaction was measured with a microplate luminometer device (MLX, Dynex Technologies, Chantilly, USA).
Western blot analysis
Virus-containing supernatants from transiently transfected cells were first centrifuged and next passed through a 0.45-Am filter to eliminate cellular debris. Viruses were concentrated using CentriconPlus-20 Biomax-100 filter devices (Millipore Corporation). Virus stocks were lysed in a loading buffer [125 mM Tris -HCl (pH 6.8), 4% SDS, 10% h-mercaptoethanol, 17.5% glycerol, and 0.0025% bromophenol blue]. Samples were then loaded (10 ng of p24 per lane) on 10% sodium dodecyl sulfate polyacrylamide gels. Proteins were transferred onto Immobilon-P membranes by a standard blotting technique (Millipore) and probed with an anti-ICAM-1 (G-5), anti-p24 (183-H12-5C), or isotype-matched irrelevant antibody (i.e. IgG2a). The blots were developed using the ECL detection system (Pierce).
Statistical analysis
Results presented are expressed as means F SD of triplicate samples and are representative of three independent experiments. Statistically significant differences between groups were computed by analysis of variance. P value calculations were done with the Student t test in Microsoft Excel and P values < 0.05 were considered statistically significant.
